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Biocontrol Effect and Mechanism of Biogas Slurry on Plant Disease I:Primary Study of Growth Inhibition
Effects and Mechanism on Phytopathogen Fungi
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(1.Institute of Agricultural Resource and Environment, Jiangsu Academy of Agricultural Science, Nanjing 210014, China; 2.College of Life
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Abstract : Inhibition effects of biogas slurry(BS) coming from 21 biogas projects which located in large—scale livestock farms and have been
run steadily more than half a year and its sterilized filter on Fusarium axysporum f.sp.fragariae of strawberry were studied with the method of
mycelia growth and spore germination. The results showed : All of BS sampled from 21 biogas projects appeared to inhibit mycelia growth of F.
axysporum f-sp. fragariae to various degree. No significant difference was observed about inhibition effect of BS from 21 biogas projects which
have been running with different running time or different fermentation raw material, but significant difference was obtained in the same BS
but in its different storage stage. So storage stage of BS impacted strongly growth inhibition effect on mycelium of F. axysporum f.sp. fragariae.
Sterilized filter prepared by micro—membrane filtering from BS lost its inhibition effect on mycelium growth of F. axysporum f.sp. fragariae.
While both BS and its sterilized filter appeared inhibition effect on spore germination of F. axysporum f.sp. fragariae with different degree. The
inhibition effect of BS coming from pig manure and its sterilized filter was better than that of cow manure. Inhibition effect of both BS on five
phytopathogens of strawberry showed significant difference:growth inhibition rate with 73% ~87% on F. axysporum f.sp. fragariae, Col—
letotrichum gloeosporioides (Penz.) Sacc. and Verticillium dahliae Kelb was obtained, while to Phtophthora capsici,we got growth inhibition
rate with 38% and no inhibition effect on Pythium aphanidermatum. Anti-microorganisms survived in BS played an important role in mycelia
growth inhibition of phytopathogens and disease control of plant in consequence.
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Table 1 Growth inhibition effect of biogas slurry coming from different biogas projects on mycelium of

Fusarium axysporum f.sp. fragariae of strawberry

WRTRBTER/a HRIRER BRWE R/ REEIER WL RMBIZRI% PRI HIR%
0.5 HgLL 800 AKX 68.4+1.11 by(b,) 65.1
*iE 800 AKX 76.6+0.79 a,(a,)
wb 1000 WAk 60.5:0.75 ci(c»)
e 1200 WAk 54.8+0.79d,(bs)[b]
kg 1200 4K 76.2+0.53  [aj] 72.5
Hr o 1 500 43K 68.7+0.79
1~2 NE 800 AKX 62.50.65 cx(c;) 63.9
KE 800 WAk 57.1£1.47 dy(d,)
oy 1000 WAk 72.720.95 ax(a,)
B 1000 WAk 66.4+1.58b,(b,)
LiliE 1000 Ak 58.321.45 dy(cs)
e 1200 AKX 64.5+1.13 bea(as)
R 1200 K 65.7£0.98 b,(a;)
i 1500 37K 51.7+1.04 51.7
2-3 B¢ 800 WAk 76.121.48 a(a;)[as] 68.3
&R 800 A 74.5+1.14 as(a,)[a;]
B¢ 1000 Ak 54.421.51 by(dy)[bs]
SFER 800 428K 53.7+1.69 [bs] 63.2
JITH 1000 3K 72.7+1.45 [as]
3~4 Eaped 1000 WAk 58.8+1.56(c,) 58.8
4~5 WA 1000 WAk 68.7+0.79(b,) 68.7

1 : OZ E BRI Duncan 3, FI I SASO.1 S AREFTAMT, b BUE A 3 WER B FH1E , RIS TR R FR A FIAb BRI T 8 2 2 57 (P=0.05,

n=3), QBFEH 1 NINEFRFRAFRISITER SR ER AR RIA 2R R B A KM R 257, 78 P R FR 21 T4ER
M. @/NES B RFRARTA AR JEZOK R RS TERRX A KRR 22 57, 8 TR RFR A A R R, @
ST RFONRBITER AR AR AR ERXT R 22 KIHRA 25, 78 TP RZR A A s TR .

Note: (DDuncan statistics analysis and SAS9.1 software was used for multiple comparison. Data in form was average value of three replications. The letter

outside brackets is analysis results of data in horizontal line and the letter inside brackets is analysis results of data. The same letter in the same vertical line

means no significance (P=0.05,n=3). (DThe first small letter after data means analysis results of inhibition effect of the same running time, the same fermen—

tation material and different size of anaerobic pond , the same subscript digit means the same running time ; @ the letter in parentheses means analysis results of

inhibition effect of same size of anaerobic pond, the same fermentation material and different running time,the same subscript digit means the same size of

anaerobic pond; Dthe letter in square brackets means analysis results of inhibition effect of the same running time, the same size of anaerobic pond, different

fermentation material , the same subscript digit means the same size of anaerobic pond and the same running time.
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f14) 4 22 11 258 Sfe #ot 7 A0 YR YA 0 B SR 40 BN 54.8%
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&R 3 AL VE W TR 2 4 5 R 76.1% (74.5% |
53.7%, FIAHEZEKIERHER AR Zam i T4+ 38
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A PR VR A B 2R A s AR L AT 2%, YA B R
P KT, BATKBIS T FR AR AR ME
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¥, A 2 AT AFE H, P=0.214 0>0.05 , b B 6] Xof VA
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Table 2 Analysis result of inhibition rate of biogas slurry from
different projects on mycelium growth of Fusarium axysporum fsp.

fragariae of strawberry

TREE HHE  FHAM ¥y F P
AbEEIR] 8 707.343 500  88.417 938 141 02140
AERR 4 4628683214 1157170804 1.84 0.1339
e 3 2426466071 80.8822024 129 02876
Bk 1 1.8285714 18285714 003 0.8651
wE 54  3389.025071 62.759 724
RS 62 4 096.368 571

2.1.2 FAIETB RO B AR S T R 22 AR K I I E T

EREE R 21 MBS TREP, A5 MERTE
WA, g % = REERNS 14, —
REIER 3 4, HAER TR KR BB Rt
FARH, BE MR TREER LB SR AEREY
JEAL IS AR HE o

HE 3 BN, EERBRNZREN, MERZE
WIREAIG, BXSRWA = RAMG , AT SR LR
T 30%, 22535 B EKF(P=0.05); TG LLIVARE —
RES G HANEROR IR FEAR T 36% , 22 R thik ]
B E K (P=0.05) , HHA 3 MR TRAERE—
RAMST , EALTE MBI BRSO

HH 2 R . AR R TR R T B AR R BRTE el
ROFCIENE sh AR, P AL B B R B PR
5507 SRR T A A KM HIE R A 5 LA B A=
B P30 0 T VR VR TR R (R R R PR ), AT
FIRERZ M AN B RCR ; RZ A LA L, v BE— 2R
EIENTERRTRY KBS A MR TR %
PR R , AR AP R RS B BRI
2.1.3 AW BB ZE IR B 4 AR A R R R

1RO, ZEAR SR 4T, PARP R VR W
Xof BB 250 B o0 A TR I B R 3 — R R4
Flo 7EXEFERY 8 h BRI, JEZEVR WO 4 A T R
FAI R RAIE 189%~42.3% , H FEZE H B 2 in , H
TIHIRCRIGSR , &y 10 L B HIBCR AT, T
B 42.3% ; 4 FEE WO T R B IR AE 13.3%
~25.3% , TR FEA B TR WO BE 3G i 3 5
{EhnE 8 wL B HI R, K 25.3%, X — S AR
FREBEW . BIRE R, BB ECRAT T4
VAW, B 235520 B KT 10 h J& , BIRR R B
B B II RV Y ZEE 2%  IR R RRE— 25 5T
22 BRLERENESHERERZEKESE
T ERIMHER
2.2.1 VAWTC A IR0 BB 220 A T 22 A K A
YEH

e B AR SR AR R FLH A2 FA 5 SRR
AR TRERN T E R, SRR, ER L
A LB SR o AR K B (B 2), RIE
WAL IR S, U IB e R T 0 HAA 25
I B AR R A HIVE

52.1.1 (iR RARG S, AT LAY HEE W
HBT B A R M R B A K R T

R3 EUERRNESRERARLEROMHE(%)
Table 3 Influence of biogas slurry in oxidation pond on mycelium growth of Fusarium axysporum f.sp. fragariae of strawberry(%)

; . . BBAFER B B

LA AR Tk — R ZRE AL =HEASE
B Ik 79.2+0.86a(a) 61.6b+0.97b(c) 59.5+1.12b(a) 54.420.97¢
gL Ik 68.421.08a(bc) 46.7+0.86b(d) 43.220.65b(b) —_—
Pt I E 70.5+0.93a(b) 69.4+1.14a(b) —_ S
B I E 66.2+0.75a(c) 71.£1.02a(ab) _— —
JIIH 37K 72.7+1.12a(b) 76.6+0.97a(a) — —

1 : ZF WHCR A Duncan 2485 W, RPEUEDY 5 IRER AT, 16 SAMTRNFAT WBREER, & 5 PR RS LR g R, FfT 58
AR S HE S P RFIFRARR , FoRAEHIE T B & 257 (P=0.05,n=5), T,

Note: Duncan statistics analysis was used for multiple comparation. Data in form was average value of five replications. The letter outside brackets is anal—
ysis results of data in horizontal line and the letter inside brackets is analysis results of data in vertical line. The same letter outside or inside brackets means no

significance in different treatments( P=0.05,n=5). The same below.
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Figure 1 Influence of biogas slurry on spore germination of

Fusarium axysporum f.sp. fragariae of strawberry
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Figure 2 Inhibition effect of sterilized filter of biogas slurry on spore

germination of Fusarium axysporum fsp. fragariae of strawberry
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Figure 3 Inhibition effect of sterilized filter of biogas slurry on mycelium growth of Fusarium axysporum f.sp. fragariae of strawberry



372 B HESE IBWO YR E RIBIHABCR BALERGISE T XA e B ) S R S AW B LB R

2011 2 H

W F A2V A TC R IR
2.3 BT 5 WEREMRERERNEKNTER

SyBIR B H B4R BRR R TR O 5 FfR
JR BB P B — R IR B R AR KA SIE AR (58
3. 4), Bt AR IR B, PR ERHR R A B R
[ 2R T R —FVR RO 5 Fm R 1 A4
KHlRZ A BEES, )| HEBOT EAEE ISR
BRI RS 5, N 87%, W RGN B AR
o IR 2R3 K 73% .78%, WML B B Y
P2 B TR 3 FORIEE, A 39% ; 324 TEHR
ot VB A LV it R B B R, B R
FGE MR R B, N 85% , W E R ZR (B
HAELIR o BN 5A 73.6% .80% , it BREUEE
7 B A AT ) 0 S I R T 3 PR IR ER , O 38%;
TRV TSR 8 2 T HI A IR

MINH S RTER T2 5B 2T 1 bR
b AR, R X B SR RN B 4 515 5
T IR B HEAT 1 A X IR IR, B R R B
AIFEPTRCR . I 4 AT, B B 2 BREEFANEA 19
PR -S5HE N VRV A I B BCR A — B, R S B8 3|
AIFEHT I o B VR I B T R P R R R EVE R

AL 5 FR R RS EEY 1%
WEMFEAEE, £ HEP KB KREIF, Rl
HAER 3D RIER R INE M. TERHT
MEE S RRGE T, ERMZR A R ER I
BESREE T LAREL], REE PR E RS
A —28, R RE B F MR LT R ; B &R
AR EERER THERE L], EEE P LR
FERARM—2%, g RE M R B R AT R . VI
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A : Growth inhibition effect of biogas slurry from Chuantian project on

five phytopathogens;B:Growth inhibition effect of bacillus isolated from
Chuantian biogas slurry; C:Growth inhibition effect of biogas slurry from
Kunxing project on five phytopathogens;D:Growth inhibition effect of

bacillus isolated from Kunxing biogas slurry.
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Figure 4 Growth inhibition effect of biogas slurry and its

antagonistic microorganisms on five phytopathogens
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Table 3 Growth inhibition effect of two biogas slurry on five phytopathogens mycelia(% )
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MR 76.4+0.59b(a) 80.6+0.97ab(a) 85.5+0.96a(a) 38.421.12c(a) 0d(a)




%30 55 2 B &l RO

B

% 4 373

AR RA B, BIX A= A A RCR KR 2
XTBELABOR, RZ IR BH GO, M 224K
(9 ECs 2 T 0 AT A B ECo, BIONIMEE
SR 0 P SR B v TR 22, S UB R BT IR
Xt A A0 A 0 R R T o R 22 A K B A
ROR, AT RESEHL P A R R A B X B 2 B
BOR , ] B DR B AR T A BRI, T X
o e FEE FRO 40 B 0 R A 6 1 40 AT RE A 00 Ak
R o R PRGN B 22 A K B RSO A B3 2250
VLA ) S R L 8 9 R 22, T X 2342
a7 B BRI 22 500 B TR T A R Y
AT R M 2 A LT B R B0 R 2R T (R AR E R
X o TR e AR P55 ELARr 5 8] L, T o
R4 LSt T LANER SR an N [EIES S
TRBONHEY) R DLE) S i IR L AT ROR I
B MIEGTRAE Y A BRI AR T RS R IRE TR
ARSI F] B A AR S A 2 ) IR R I, BPE
FHTERRON AN R S B A A PR A, ARt
P RIE A HSCR R R A BRI A1
TP AR R, TR RRE, PR
LR KT MDA R . BRI, 7RG FRVR R
Ve EI 3 BT R , AAZ05 e I BRI 2R A 2
AR — TSR B R IR, T Z R i TIE
e Sk P e L L DRI G
WRIEARSEER, ATTERR R
B LB B R A AR E A R s R B — A
ABHEFRIARES , TS SR 7R A B B BRI
W IEHAR BB HTE R A T OB R B
5 5 Pl AR 25 2R X /N R B AR
FIG5EP, Lin FWEHGETRRW PR (LB EIR S T
TR IR T B A PRI ) & BT AR SR
SR EAT VR TR 2 R L AL AR 0™ b s S B
Z RIS BB RIEOR P, 75 2B Ao APESR
F W B TR RSB B LR
25, JHREXT7 HRIBTTEAMEARDR T IH B R
[P TIN S e e R R i s T 137 9, 3 A =
PEORSA AN A SRR Bl RA R o

4 i

FEFTRAL R 21 MARBL TR, B Eosd
FLRRRE R T A 222 K R A T R AR
FE BE IR FH 5 ¥ 8 A0 TG R DB RN B R A 2 T
L2 B IMHIBCR (B R ZR T A T BB A

YA AR R HIAE o 38 2T LI Y
MBI PG T4 26 WO A2 B ILE S bt
R e LT PO AR RACRAT T B o YRR PP S TR
Y RTRBAN  B £ 2T

SE 30K :

(1] XU}, B HA, IS A RAED SR L 4 R A B H 4B i)
HEVER, 2009, 27(1):43-46, 48.

LIU Wen-ke, YANG Qi—chang, WANG Shun—qing.A review on effect of
biogas slurry on vegetables and soil[J]. China Biogas, 2009, 27(1):43-
46, 48.

[2] £, RRE, Brbai, 5. EIRARMEXT 138 5 f s 387 = i
BN HTAO Z4]R, 2010, 22(1):73-76.

WANG Wei-ping, ZHU Feng-xiang, CHEN Xiao-yang, et al. Effect of
biogas slurry irrigation on soil quality and yield quality in Brassica chi—
nensis[J]. Acta A griculturae Zhejiangensis, 2010, 22(1).:73-76.

[3] 3KER, RARK, EMeIE, F. RPRBEITEBRERERANHZER
PRIFE R RIS H I <, 2009, 28(1) :21.

ZHANG Guo-zhi, WU Shao-bin, WANG Huan-ling, et al. Survey and
analysis on state quo of public intention for utilizing digestate from large
and medium size biogas plants[J]. China Biogas, 2009, 28(1).:21.

4R F, BEY. BRESEHEX KRR R R RS TR ]
PRREEER, 2010(1):92, 176.

DAI Yu, CHENG Guo—ping. Influence of biogas fertilizer spray on rice
seedlings and economical property[J]. Anhui Agricultural Science Bul-
letin, 2010(1) .92, 176.

[5] Thomas Terhoeven—Urselmans, Edwin Scheller, Markus Raubuch, et al.
CO; evolution and N mineralization after biogas slurry application in the
field and its yield effects on spring barley[J]. Applied Soil Ecology,
2009, 3(42):297-302.

[6] Matsunaka T, Sawamoto T, Ishimura H, et al. Efficient use of digested
cattle slurry from biogas plant with respect to nitrogen recycling in grass—
land[J]. International Congress Series, 2006(1293):242-252.

[7] Kurt Méller, Walter Stinner. Effects of different manuring systems with
and without biogas digestion on soil mineral nitrogen content and on
gaseous nitrogen losses (ammonia, nitrous oxides )[J]. European Journal
of Agronomy, 2009, 1(30):1-16.

[8] Banik S, Nandi R. Effect of supplementation of rice straw with biogas
residual slurry manure on the yield, protein and mineral contents of
oyster mushroom[J]. Industrial Crops and Products, 2004, 3(20):311-
319.

[91F 35, BKTCE, SRELI, 48 TH O JE Lt s [ B 400 i 4 PR RO BT

X[ AT L AEIR, 2005(2) :9-11, 36.
YIN Fang, ZHANG Wu—di, SONG Hong—chuan, et al. Research on bac—
teriostastic activity of biogas broth on plant pathogenic microbes[J]. Re—
newable Energy, 2005(2):9-11, 36.

(10137 35, KT, X) L3, & Hin it =L@ B R

(7] P, 2006, 24(2):51-52, 62.
YIN Fang, ZHANG Wu-di, LIU Shi—qing, et al. Study on affecting fac—

tors of biogas Slurry on bacteriostastic activity of Fusarium Solani[]].



374 B HESE IBWOHEYRE E RIBHABCR BALEROISE T XA B S BOR S AW LB R

2011 2 H

China Biogas,2006(2):51-52, 62.

[11] BRABEE, 7 5, ICH. 1B R RO AR A 2 A A A 52 ],
Al FAREYE, 2004(3):22-24.
CHEN Li-qiong, YIN Fang, ZHANG Wu-di, et al. Effect of leaf spray
application of anaerobic processed liquid livestock manures against
tomato-leaf mould[]]. Renewable Energy, 2004(3):22-24.

[12] Bk E 52, XVABSC, R, IR = 30 AE 7 h B AE B 0]+
A4S, 2000, 38(1).:31-32.
GENG Yu-liang, LIU Yu-wen, WANG Ze-yang, et al. Use of biogas
fertilizer for greenhouse tomato planting[J]. China Biogas, 2000(38) .
31-32.

[13] Jothi G, Pugalendhi S, Poomima K, et al. Management of root— knot
nematode in tomato Lycopersicon esculentum, Mill, with biogas slurry
[J). Bioresource Technology, 2003(89) :169-170.

[14] FEWEYE, B 7. W TR EHE V8 Vo0 28 A v 0 - 20 R A s [,
U HRA R, 2009, 11:99-101.

DONG Xiao—tao, YANG Zhi. Effect of leaf spray application of anaer—
obic processed liquid livestock manures against tomato—leaf mould[J].
Guangdong A gricultural Science, 2009(11):99-101.

[15] TR 52 T8 X RE AL AL 3 285 B Bl ¥4 R34 7= R (0] E AR AE,
2008, 35(5):25.
ZHANG Yin-hu. Prevention and the effects of increasing of biogass
slurry against cotton dry verticillium wilt[J]. China Cotton, 2008, 35

(5):25.

[16] 7k A= EWR T BT VA 4 IE B DRI, s EE S, 2010, 28(1):
45-46.
WANG Yong -sheng. Management of both biogass slurry and biogas
residue prevention of Ma—mouth disease in Angelica sinensis[J]. China
Biogas, 2010, 28(1) :45-46.

(71 E  J5, Tk, TSR, 55 R BERBOT B IR 2 m W H L)
W T EAMBLE, 2009(6):23-24.
WANG Fang, MA Xiao-lin, ZHANG Li-rong, et al. Primary study on
inhibition mechanism of biogas slurry to cucumber downy mildew [J].
Ningxia Journal of Agriculture and Forestry Science and Technology,
2009(6):23-24.

(18] XEF, DA ME, XK. B TR RRT /N = 1. JB g L Bl

RN, R ETES, 2009, 27(6) :39-41.

LIU Feng-ling, MA Dong-hui, LIU Tian—hong. Effect of biogas slurry
on quantity and quality of wheat[J]. China Biogas, 2009(27):39-41.
[19] 2= ¥4, BRI, THA. DT RBEIREEPEREA XKD R

[J1-BIHLHE AR, 2007, 4:33-34.

LI Shang—jin, XIA Liang—rong, WEI Shu—jie. Effects of biogas slurry
on disease control of konjac soft rot[J]. Hubei Plant Protection, 2007,
4.33-34.

(200 X1 [l k. ¥ 8 RO Eh 4R B3 7™ R i I R (0] o [ S 4%
%2006, 20(5):282-283.
LIU Guo-sheng. Effect of sediment and liquid of biogas generating pit

on yield and disease resistance of potato[J]. Chinese Potato Journal,
2006, 20(5) :282-283.

1] ERHE, B &, R BT EOR BB IR BCR IS 3T

TR B F A B # 4, 2006, 8(3): 25-26, 29.
DONG Xiao -tao, YANG Zhi, ZHOU Shu —feng. The Preventive and
curing research of anaerobic processed liquid livestock manures a —
gainst cucumber powdery mildew([]]. Journal of Liaoning A gricultural
College, 2006, 8(3):25-26, 29.

[22] f=ride, EEd. TRIBRHR = BAE = B 5 R A ]. YLIR R
Bl 2009(5):275-276.

YAN Ke-hua, WANG Zhi—chun. Effect of biogas slurry on yield and
quality of strawberry under greenhouse[J]. Jiangsu Agricultural Sci—
ences, 2009(5):275-276.

(23] T PO ol FE PR VR Ve R A 7 P RO BRI AICR (], TR
AP BlBE, 2008(14):28.

SHANG Chun—gang. Application effect of biogas slurry on strawberry
with micro drip— irrigation[J]. Modern Agricultural Science and Tech—
nology, 2008(14).:28.

[24] 84, 4, BOUIE, . RS A B RN A=A
M AARE, 2007, 35(2) :105-106.

HUANG Ping-hua, JIANG Hua, LUO Yuan—qiong, et al. Effects of
firedamp liquid mixed with gibberellin on yield of strawberry[J]],
Guizhou A gricultural Sciences, 2007, 35(2):105-106.

2518 3, XUZEIE, ZM. REKBEIRA YN R 1l B S A B
RS WA BYWEFEL]. TR R, 2005, 23(2):20-22.

ZHAO Ling, LIU Rong-hou, LUAN Jing—de. Studies on effect of anaer—
obic fermentation residues on the yield, quality and physiology in
strawberry[J]. China Biogas, 2005, 23(2):20-22.

[26] % ¥, ZRMAE, XUZRE. TR FEAER AR MR B SRS 5 R B
[J1. de 5 E 2, 2004(2) :58-59.

ZHAO Ling, LUAN Jing—-de, LIU Rong—hou. Influence of biogas on
plant property and fruit quality of strawberry[J]. Northern Horticulture,
2004(2):58-59.

[27] EHIHE, B0, BBV, FILMERE BRI/ NE S B HR
BRI RCRB I ). 2Rk LB, 2009, 37(16) :7542-7545.
GUAN Li-bo, YU Fang-bo, LUO Xi—ping, et al. Effect of several pesti—
cide formulations mixed with biogas slurry on the inhibitory of ger—
lachia nivalis[J]. Journal of Anhui Agricultural Science, 2009, 37(16):
7542-7545.

[28] Liu W K, Du L F, Yang Q C. Biogas slurry added amino acid decrease
nitrate concentrations of lettuce in sand culture[J]. Acta Agriculturae
Scandinavica Section B—Soil and Plant Science, 2008(2) :10-14.

[29] RE L, B, BRI, 55 KPR TRRERBRELE
AU B EEX, 2010, 28(1):14-20.

CHEN Yu-cheng, YANG Zhi-min, CHEN Qing-hua, et al. An
overview on disposal of anaerobic digestate for large scale biogas engi—
neering[J]. China Biogas, 2010, 28(1) : 14-20.



